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AHAJII3 TOBITPSIHUX BITPOBUX YCTAHOBOK JUUISI TEHEPALIIL
EJJEKTPUUYHOI EHEPI'TI

Y cmammi npoananizoeani innosayiiini simpozenepyloui ycmanosKku, a came NOGImMpsiHi 6u0u Gimpozenepamopis.
Po3zenanymo oemanvho, AKOI0 noGuUHHA OYMU WEUOKOCMb NOMOKY Gimpy Ol HOMIHAALHOI pPOOOMU 2eHepyIoH020
aepecamy. Ilooanuii pospaxymox weuoxkocmi eimpy onsa eucomu 1000 mempie, Ha sKill 8CMAHOBMIOIOMbCA MAKI
aimanvHi anapamu. Hasedeno mabnuyio ma epagix enepeemuunoi 3anexcHocmi 6i0 NOMOKY 6impy, 3 VPAXy8aHHIM
11020 WBUOKOCMI HA NIOWY NOBEPXHI, SIKY OXONJIomMb 1onami gimpozenepamopa. IIpoananizoeano 8imposi nomoxu
ons aepomobinvbhoi cmanyii 3a donomoezoio npoepamu Flow Simulation.

Kniouogi cnosa: ouiopna enepeemuxa, eimpozenepamop, aepocmam, nomix 6impy, Kapxac, 10nNomi, eenepayis,
Flow Simulation, SolidWorks Edition.

IMocTaHoBKa MpPoGJeMH. 3 PO3BUTKOM CIICKTPUYHUAX TEXHOJIOTIH BUEHI BCe OUIbIIE 3aMHUCIIOIOTHCS IPO TE, SK
TeHepyBaTH, 30epiraTé i MPaBHIBHO IMEPETBOPUTH EHEPrOPECYPCH, sSKi 3HAXOMATHCSA B Hajapax 3eMJIi: BYTULIs, ras,
HadTa, @ TAKOXK HEBUUEPIHI JDKEpena: COHIe, Boja, Birep. [IpomuciioBa eHepreTuka, sika BUKOPUCTOBYE T'E€HEPYIOUi
aNbTepHATHBHI DKepela — KalliTalloMicTKa ramy3b. Jms Toro, mobd «3MOBHUTH» BITEp, IHKCHEPH-KOHCTPYKTOPH
nparHyTh 3a0paTHcsi Bce BHIIE. A Iie, B CBOIO Yepry, JOCUTh CKJIAJHE i peCypCHO-BUTpaTHE 3aBJIaHHS. B odmopHiit
eHepreTuli GpyHJaMEHT i MOHTaX TEXHOJOTTIHO OOIpYHTOBAaHUX MPOEKTiB — I1e 6mm3pko 30-40% KamitalbHUX BHTpAT,
a TaKoX OpEH/a BEJMKHX IUIONI Ha SKUX 3HAXOMITHCS €HEProreHepylodi YCTaHOBKM. TOX He IMBHO, IO POOIATHCS
YHCJIEHH] CIPOOH 3HM3UTH KalliTalbHi BUTPATH i, BIATIOBITHO, BAPTICTh KUJIOBAT-TOAWHH €JIEKTPOEHEPTil, BUpOOIEeHOT Ha
OCHOBI COHSTYHOI 1 BITPOBO{ €HEPTi.

AHaJti3 monepennix gocaizkenb. EHepris BiTpy - Oe3KOLITOBHA, HEBUYEpIIHA, Oe3leYHa €Hepris. YCTaHOBKOIO,
MIEPETBOPIOIOYY €HEPTil0 MOBITPAHUX IOTOKIB B €IEKTPHYHY a00 TEIUIOBY HAa3WBAIOTHh BITporeHepaTopoM. Bimpmricts
Cy4acHMX BITPSTHHX YCTaHOBOK MaroTh nopiBHsHO HU3bKHH KKJI (10 30%) 1 BUCOKY BapTicTh BUpOOHHIITBA.

Takoxk, Ha BUKOPUCTaHHs BITPOTCHEPATOPIB MPHUPOJAa HaKJIaJae MeBHI oOMexeHHs. Bce BIUpAEThCst B CEpPelHIO
IIBHJKICTH BITPY B perioHi. Binmomo, 1mo novyarkoBa MIBUAKICTH 00€pTaHHS JIONOTIB BiTporeHepaTropa CTaHOBHUTH 2 M/C.
ITpn makcumansHoMy KK/ mBuakicTh BiTpsika noBuHHA OytH Big 9 no 12 m/c. Bike mouynHarouu 3 MIBHIKOCTI BITPY
4 M/c ycTaHOBKaA BITPOTEHEPATOPA BBAYKAETHCS AOLUIBHOIO.

OnHak nporpec He CTOITh Ha MicClli, i HOBI pO3pOOKH MiAHIMAIOTh e(PEeKTUBHICTh BITPOreHepaTopiB, B OyKBAIEHOMY
ceHci, Ha HOBY BHCOTY. O/Hi€r0 3 HAHOUTBII TPYIOMICTKAX YaCTHH IIPU CTBOPEHHI BITPOBOI €IEKTPOCTAHIII € MOHTaX
Ha3eMHUX CHCTEeM: LIOTJIH, TeHepaTopa, poTopa, Jonareil. Ha mannx Bucorax, Oins 3emii, BITpOBI IOTOKH HE MOCTIHHI,
a MigiioM TeHepYIoUMX MOTYKHOCTEH Ha BENMKY BUCOTY POOWTH IIOTITY 3aHAATO CKIAJHOIO 1 JOPOTOI0 KOHCTPYKIIIEO
JUTsl BCTAHOBJICHHS Ta eKcIutyararii [1].

TakuM iHHOBALIIHUM HANpPSIMKOM € TIOBITpsiHA BITpPOEHEpreTHKa, o 3ammyckae B HeOeca Ha Bucotu 200, 400 ado
HaBiTh 1000 MeTpiB JiTaroui BITPsHI IEKTPOCTAHIII - AUPIKa6ii abo aepocraru (puc. 1, a, 0)., «mOBITpsHI 3Mil» (puC.
1, n, €), ApOHM 1 IHIII JiTaJbHI arapaTu, OCHAILEHI BITPSHUMHU TypOiHaMu abo NPU3BOJAATH B [0 HA3eMHI FeHEepaTopu
3a JOTIOMOTOIO CBOIX «IOBINKiB» (puc. 1, B, T).

Jliratoui BiTpOoreHepaTopu HE BUMAararTh (QYHJAMEHTIB 1 3HaYHUX TpPaHCHOPTHUX BuTpar. Ilpum 1mpomy BOHU
MPAIOI0Th 3 XOPOILIMM «KOMEpPLIHHUM» BITPOM - Ha BUCOTaxX B KiIbKa COTEHb METDIB BiTep CTaOUIbHIlIE 1 CHIIbHILIE,
TaKuii Bitep renepye Ounbiie eneprii [2].

Ha BucoTi niTaroui TypOiHM IUTKOM MOXYTh IIOKa3aTH CBOI IepeBaru rnepej Ha3eMHHUMH, aJpKe CHJIa BITpY, SIK BXKe
Ka3aJocs paHilie, 3p0CTae 3 BUCOTOIO, a MOTYKHICTh BITPSKIB, SK BXKE 3'ICYBAaHO Ha MPAKTHIIL, IPOTIOPIiiiHA KyOy CHITH
BiTpy. lle o3Hayae, M0 HaBITH NMPH MOJBOEHHI 32 paXyHOK BHCOTH CHJIM BITpY JiiTatoya TypOiHa MOKE BHIAaBaTH B 8
pas3iB OLIBIIE TOTY)KHOCTI, HK Ha3eMHA.

MeToro 1aHoi cTaTi € aHai3 eeKTUBHOCTI BCTAaHOBJIEHHS BiTporeHeparopis Ha BucoTtax Bix 200 no 1000 metpis 3a
JIOTIOMOTOI0  JIiTanbHOT TeXHiKW. B mojampmioMy 1€ aHami3 JO3BOJIUTH OUThII KOHKPETHO Ta OOTrPYHTOBaHO
BCaTHOBJIIOBATH aIbTEPHATUBHI JUKEpEa Ha TaKi KOMIIJIEKCH sIK JUpHKalIli ui aepocTary.

Bukaanennsi ocHOBHOro Mmarepiaidy aociuikenHsi. Tak npu po3paxyHKax Ta aHallizi ONTUMAaJIbHOI BHCOTH
OTpUMaHHI JaHi Oy oOpaHi O JBOX MapaMeTpax: IMOTOKY BITPY 1 JOBXKHHI KaOelto, TOOTO MO Maci i pO3pUBHOMY
3ycmiti Kabenmo, mo0 TIeHepyYuit NPUCTPId MIr MiAHATHCSA Yy MOBITps. 3arajoM OUIBIIICTb JIITAIBHUX arnapariB
CHHPAIOTHCS Ha MOKA3HUKH aepOJUHAMIYHUX (DYHKIIIH JIITAIBHOTO anapary, 10 SIKOTO KPITUTHCS BITPOTEHEPATOP.
Tako TOJIOBHUM €JIEMEHTOM TaKOTO BHJY €HEPTeTHKH € Horo HafiiiHicTh Ta Oe3neka. Taki mKepena He TUTbKA
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€KOJIOTTYHO YKCTI, a i eHeproe()eKTUBHI.
Bucora Ha sIKili 3HAXOIUTHMETHCS aepoCTaT, MOBITPAHMH 3Miit abo mitak 1000 merpiB. Takum YMHOM Ha IIilf BUCOTI
LIBHJKICTB BITPY PO3PaxoBYETHCS 32 HOPMYIIOH0:

H 1000
V=V, (-—)%=5(—)%"% = 11,93 = 12 m/c
H, 2

ne: Vy — cepenHs MBUAKICTH ITOTOKY BITPY Ha TepHUTOpiil YKpaiHu;
H — BucoTa Ha sIKy NiIHIMAETHCS arperar;
H, — BUCOTa 3aMipiB cepeHbOT LIBHKOCTI;
Ol — eMITIPUYHUH OKa3HUK CTEIIeHS.

Pucynok 1 — Buou rimarouux 8impozeHepyrouux yCmaHo8ox: a,6 — nogimpsiHutl aepocmam, 8,0 — JIimakK Ha
NoBioKY, 0,e — NOGIMPAHUL 3Mill

[oTyxkHICTE BiTpOreHEpaTopa NHpPH MaKCHMAIFHOMY TIIOTJIMHAHHI CEepPeIHBOPIYHOT MIBHAKOCTI IOTOKY BITPY
JIOPIBHIOE:
PWl =SG'K3KBm
Ie S — TIoIa, M0 OIMICYETHCS JIOMATIME BITPOTEHEPaTOPa;

K, — xoe(illieHT, 1I0 BpaxoBye HOTYKHICTh 1 w2 IUIOLIi JIONMOTIB BiTporeHeparopa 3 BTPaTaMH y PeIyKTOpi Ta
re”epatopi (Tadm. 1).
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Tabnunst 1 — [Moka3HuKYM eHepril BiTpy BiJl LIBUIKOCTI HA IUIOILY BITPOT€HEPYIOUO0T yCTAHOBKU

[IBuaKicTb BiTpY,M/C IoTyskHicTh renepatii, Br/m?
1 1

3 17

5 77

9 477

11 815

15 2067

18 3572

21 5672

23 7452

MoTyKHiCTb BiTpOreHeparopis Bij,
LUBUAKOCTI BiTPY
8000
7000 /
6000 /
5000

4000 //
3000

2000
1000 /

1 3 5 9 11 15 18 21 23

[11 Pucynok 2 — I paghix 3anexcnocmi enepeii 8impy 6i0 weuOKocmi Ha NIowy 8impozeHepyo4oi yCmanosKu

3 orjsiny Ha BCi HEJOJIKM 1 NepeBard JaHOro BHJY albTEPHATHBHUX JDKEped EHeprii, MOXIMBO PO3POOHUTH
COHSTYHO-BiTpoBHiA moBiTpstHNK KomIuteke (CBIIK), 3'eqraBmm COHSYHY 1 BITPOBY €HEprii TAKMM YWHOM, MO0 TakKuit
ONTUMAJBHUIA 00'€MHUH JliTalounii 00'€KT y BUIVISAAI KyJi 4d JUpHKaOis 3 HaWOUIBIIOI IUIOLICIO ISl COHSYHHX
MmaHegeil mNpu MiHIMAJTbHOMY O00CS31 Tra3omoAi0HOrO HAINOBHIOBAaYa, J03BOJIMTh MIOHITH KiIbKa TYPOIHHHX
BITPOTEHEPATOPIB 3a TOMOMOTOI CHITH TS| Telito [2].

TakuM 4MHOM TOCTaE 3aBJaHHS PO3POOUTH TaKMW KapKac JUis aepocrara Jyis TOro, 00 30UIBIIUTH MOTIK BITPY.
Hanpukian 3poOuTH B HEHTpI aepocTata 4 IWPHKAONsd KOHIYHY TpyOy, a came 3 eIeMEHTOM KOH(Y30py Ui
BCTaHOBJICHHSI BCEpE/IMHI TPYOH AesSKO1 KUIBKICTI BITpOTeHeparpiB.

Takux BiTporeHepaTopiB BCTAHOBICHO Ha AMPIbKabii nBa. OAWH 3HAXOOUTHCA B MEpeIHIA YacTHUHI Auprmkaliro i
Mae po3MipH JIOTIOTIB 14 MeTpiB y JiaMeTpi, IO JIO3BOJISIE BJIOBHUTH 30UIBIICHHH TIOTIK BITPY 32 PaxyHOK KOHIYHOI
TpyOH, sk Oyino ckazaHo pawmime. [pyruil 3HaxXomuThCA y 3amHIN YacTHHI, Horo miamerp 5 merpiB. Posrmsmamocs,
TaK0, BCTAHOBIICHHS OUTBIIOI KUTHPKOCTI BITPOBHX YCTAaHOBOK B CEpPEOUHY TPYOHW, ajie MiJ Yac aHaji3y B Iporpami
SolidWorks Edition 2013 B makeri npuknagaux nporpam Flow Simulation 6yi10 moMiTHO 3MeHIIIEHHS TOTOKY 10
MIHIMaJTbHIX TapaMeTpiB, MO € HECIIPUATINBHUM Il BCTAHOBIEHOTO TaM BiTporeHeparopa. ToOTO Takuii reHepaTop He
MpaioBaB 0¥ B HOMIHAJBHOMY PEXKHMI 1 € HE peHTa0eTIbHUM PIlLICHHSIM.

Buxinui gaui ais MmogemoBanHi B mporpami SolidWorks Edition 2013 (ta6im.2.).

Tabnuust 2 — Buxigsi nani st MosienoBanHs Ha Bucoti 1000 metpis

ITapameTtp YucnoBe 3Ha4YEHHS
P, tick 89885 I1a

T, Temniepatypa 281,65 K= 8,5°C
V, WBUAKICTH TOTOKY 12 m/c

BITPY
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16.734
14875
13.01%
11.156
9.297
7.437
5678
3718
1.858
0

“Welocity [mis]
CutPlot1: contours
Pucynox 3 — Ananiz nomoxy eimpy npu weuoxocmi 12 m/c
25619
22772
19926
17.079
14233
11.386
8.540
5693
1847
a
Weloeity [mis]
CutPlot1: contours
Pucynox 4 — Ananiz nomoxy eimpy npu wieuoxocmi 18 m/c
26.947
23.064
20181
17.298
14415
11.532
8649
5.766
2882
]
welocity [mis]

CutPlot 1: contours

Pucynox 5 — Ananiz nomoxy eimpy npu wieuoxocmi 20 m/c

TakuM 4MHOM micis aHali3y MMOTOKY BITPIB pi3HOI mBHIKOCTI (puc.3,4,5) MOKINBO 3pO3yMITH, sIKa IIBUAKICTH
JUIsl TUPHoKaOIIsl € HeCIPUSATIMBOO abo B3araii aBapiiiHowo. Tak moMiuaemo, 1o npu 18 m/c MoTiK B ASSIKUX AULTHKaX
JIOXOJIUTH JI0 TOMITKH 25,6 M/c, ,a mpu 20 M/c Maiixke 10 26 M/c, TOOTO Iiei MMOKa3HUK € MEXKEIO [UIS TI0YaTKy 3HIKCHHS
JpIOKa0IIs Ha Oe3nedHy BHCOTY, 1100 3armo0irTy aBapiiHii cutyarii.

JIoKnaqHO PO3IIIAHYTO EKCILTyaTallifo KOMIUIEKCY Y XOJIOJIHY TOpy poKy. ToMy IpoBeIeHO aHajli3 TeMIeparypy B
cepelrHi KOHIYHOT TpyOH, 11100 BiTporeHepaTopu He 00JeeHUN Ta He BUILLIH 3 Jany (puc.6). Temneparypa B TpyOi
MIABUIYETHCA 332 PAaXyHOK TEPTsS Ta IIBUIKICHUX BITpPOTEHEpaTOpiB, TEMIIEpaTypy B TpyOi Ta B camiii 00OJOHII
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MIZBUIYETHCS BJCHD 3a JOTMIOMOIOI0 COHSYHOTO TEIUIA, @ TAKOXK il MOXIJIMBO MIATPUMYBATH 33 JOIIOMOTOI0 MiTIrpiBy
OKpEeMUX IITHOK TOHAOJNH, 0 30UTBIIATE B CBOIO YEPTy MiTHOMHY CHITY Teis.

28172
281.71
28169
28167
28166
28164
28162
28161
281.69
28158
Temperature K]

CutFlot 2 contours

Pucynok 6 — Ananiz memnepamypu 6 kouiunii mpyoi

BucHoBku. TakuM 9rHOM, TICIS AETANTBHOTO aHANIZY, TaKi JIITAl04i BITPOYCTAHOBKH HAIaayTh 3MOTY 30UTHIIUTH
KK reneparii enexrpuuHoi eHeprii y nexiibka pasiB. Ha Bucoti 6inpnie 1000 MeTpiB NOTOKHM BiTpy cTabiibHINIE Ta
CUJIBbHINIE, TOOTO TeHepallisi Maibke TocTiiiHa. TakoX, 3MEHINUTh KalliTalbHi BUTPATH HA BCTAHOBIEHHS BHCOKHUX
rabapuTHUX (QyHIAMEHTIB Ha 3€MIIi, IO MPHU3BEE IO €KOHOMIi KOIITIB. [HHOBAIIHHAN COHSIYHO-BITPOBUH MOBITPSIHUN
KOMILIEKC € riopuaHoro cucreMy 3i 30uibmennM KKJI y nopiBHSHHI 31 CTAHAAPTHUMH BUJIAMH T'€HEPYIOUUX CHCTEM.
Taxi BUI¥ anbTepHATUBHUX JKEPEN CHEpTil MOXKIIMBO BCTAHOBIIIOBATH HA TePHTOpPil YKpaiHU, THM CAMUM ITOKPAIIUTH
il eHeproeeKTUBHICTb 1 EKOHOMIUHY HE3aIEKHICTh B MaHOyTHHOMY.

CIIMCOK JIITEPATYPU

1. Ilpoektyemo enexTpuky pasom. URL: http://vgs-design-el.blogspot.com.

2. AnryxoBa T.B., Ckpunnuk C.A. Co3laHue WHHOBALMOHHOW MOJENH COJHEYHO-BETPOBOTO BO3IYIIHOIO
KOMIUTEKCa U SHEPTOCHAOKEHUS MTPOMBIIIICHHBIX MPEeIIpusATHL. Matepiany ¢paxoBoro HayKOBOTO XypHany "Bueni
3ancku TaBpiiickkoro HalioHanbHOTO yHiBepcutetry iM. B. 1. Bepnancwkoro. Cepist: Texniuni naykn". — Kui: THY,
2018. — Tom 29 Ne3/2018 (68). — C.61-65.

REFERENCES

1. We design electricity together. Available at:: http://vgs-design-el.blogspot.com.

2. Altukhova, T. V. and Skrypnyk, S. A. (2018), " Creation of an innovative model of solar-wind air complex for
power supply of industrial enterprises”, Materials of the professional scientific journal "Scientific notes of Tauride
national University. V. I. Vernadsky. Series: technical Sciences", vol. 29, no. 3, pp. 61-65.

Haoitiwna 0o peoroneaii 07.11.2018 Peyenzenm: 0.m.n., npogpecop Cugoxodunenko B.D.

0. KOLLAROV, S. SKRYPNYK
State Institution of Higher Education “Donetsk National Technical University”

Analysis of air wind turbines for electric power generation. With the development of electric technologies,
scientists are increasingly thinking about how to generate, store and properly transform the energy resources that are in
the bowels of the earth: coal, oil and gas, as well as renewable sources: sun, water, wind. Industrial energy is used in
generating alternative sources-capital-intensive industry. In order to "catch" the wind, design engineers tend to climb
higher. And this, in turn, is quite a complex and resource-intensive task. In offshore energy the Foundation and
installation of technologically sound projects are about 30-40% of capital costs, as well as the lease of large areas on
which power generating plants are located. The article analyzes innovative wind turbines, namely flying types of wind
generators. Such an innovative direction is air wind power, which launches into the sky at a height of 200, 400 or even
1000 meters flying wind power plants-airships, balloons,"kites, drones and other aircraft equipped with wind turbines or
drive ground generators with their "leashes”. Sorted out in detail what should be the flow of wind speed for the nominal
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operation of the generating unit. Nature imposes certain restrictions on the use of wind turbines. Everything depends on
the average wind speed in the region. It is known that the initial rotation speed of the wind turbine rustles is 2 m/s. At
maximum efficiency, the speed of the windmill should be from 9 to 12 m/s. Starting from the wind speed of 4 m/s, the
installation of a wind turbine is considered appropriate. The presented calculation of the wind speed for the height at
which such aircraft and the power of the wind generator are installed at the maximum absorption of the average annual
wind flow rate. A table and a graph of the energy effect of the wind flow, taking into account its speed on the surface
area covered by the blades of the wind turbine, are presented. Taking into account all the advantages and disadvantages
of this type of alternative energy sources, it is possible to develop a solar-wind air complex (SWAC) connecting solar
and wind energy in such a way that it can be used by optimal voluminous flying objects in the form of a ball or airship.
The largest area for solar panels with a minimum volume of gaseous filler will allow to raise several-turbine wind
turbines using helium traction power. Thus, after a detailed analysis, such flying wind turbines will allow to increase the
efficiency of electric power generation several times. At altitudes of more than 1000 meters wind streams are more and
more stable, so the generation is almost constant. It will also reduce capital costs for the installation of high overall
dimensions on the ground, that will definitely save money. The innovative solar-wind air system is a hybrid system with
increased efficiency, compared to standard types of generating systems. Such types of alternative energy sources may
be installed on the territory of Ukraine, thereby improving its energy efficiency and economic independence in the
future.

Key words: offshore power, wind turbine, balloon, wind flow, skeleton, vane, generation, Flow Simulation,
SolidWorks Edition.



